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time  involved  in  the  overall  process  of  clinical  evaluation  of  new  dru^s  in  l tie 

U.S.  A  ray  Drue;  Development  Program. 

The  work  performed  during  the  past  twelve  months  oi  the  contract  includes  the 

follow: ng : 

1.  Continuing  developments  of  the  programs  for  the  analysis  and  simulation  of 
non-linear  kinetic  data. 

2.  Continuing  development  of  a  program  package  for  clinical  pharmacological 
problems . 

3.  Development  of  a  translation  program  for  the  conversion  of  various  sets  of 
pharmacokinetic  parameters  into  a  uniform  set. 

4.  Completion  of  a  final  report  on  bioavailabilitv  study  on  mefloquine. 
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SUMMARY 


The  research  proposed  under  this  contract  Is  a  feasibll  Ity  study  in 
the  development  of  applications  of  new  microcomputer  graphics  technology  to 
the  analysis  and  interpretation  of  clinical  pharmacological  data.  This 
involves  continuing  development  of  comprehensive  programs  for  analysis# 
interpretation,  and  simulation  of  pharmacokinetic  data,  dose-response  kine¬ 
tic  data,  and  other  data  relevant  to  new  drug  development,  for  use  with  the 
Tektronix  4C52  Microcomputer  Graphics  System.  The  combination  of  such 
modern  analytical  and  Illustrative  methods  in  clinical  pharmacology,  based 
on  new  high-speed  microcomputers  and  associated  graphics,  are  thought  to 
greatly  reduce  both  cost  and  time  irvolved  in  the  overall  process  of  clin¬ 
ical  evaluation  of  new  drugs  In  the  U.S.  Army  Drug  Development  Program. 

The  work  performed  during  the  past  twelve  months  of  the  contract 
includes  the  fol  lowing: 

1.  Improvements  In  the  programs  for  analysis  and  simulation  of  non- 
1  inear  pharmacokinetic  data.  In  order  to  simplify  the  use  of  these  pro¬ 
grams,  a  menu  of  commonly  used  kinetic  models  has  teen  added,  allowing  the 
user  to  select  a  pre-written  set  of  differential  equations  instead  of 
having  to  type  in  a  description  of  the  model.  This  modification  signifi¬ 
cantly  reduces  the  level  of  pharmacokinetic  knowledge  needed  to  success¬ 
fully  use  these  programs.  Additionally,  this  menu  has  been  structured  so 
as  to  be  easily  modified  and  extended,  so  that  further  models  can  be  added 
tc  the  existing  set,  allowing  the  programs  to  be  customized  for  use  In  any 
specific  case. 


2.  Further  development  of  programs  for  statistical  analysis  of  clin¬ 
ical  pharmacologic  data.  A  number  of  modifications  have  been  made  to  the 
programs  for  the  various  nonpa rametr ic  statistical  tests,  providing  the 
user  with  better  facilities  for  reviewing  and  correcting  the  data  they  have 
entered,  as  wel  1  as  making  the  programs  more  consistent  In  the  presentation 
of  results.  We  have  also  continued  work  on  the  parametric  analysis  of 
variance  programs  for  multiple  comparisons  and  for  cross-over  design 
experiments,  adding  some  new  capabilities  for  complex  hypothesis  testing. 

3.  Development  of  a  translation  program  for  the  conversion  of  various 
sets  of  pharmacokinetic  parameters  into  a  uniform  format.  This  program  Is 
designed  to  allow  the  use  of  published  pharmacokinetic  data  for  comparison 
with  the  results  of  our  data  fitting  package  or  for  use  with  our  kinetic 
simulation  program.  Since  published  studies  frequently  express  the  results 
of  their  analysis  in  terms  of  a  particular  model,  it  Is  necessary  to 
calculate  the  equivalent  set  of  model  -  Independent  parameters  before  making 
use  of  the  data.  The  program  has  been  designed  to  allow  the  translation  of 
descriptions  of  one-  or  two-compartment  systems  into  the  format  used  by  our 
1  Inear  pharmacokinetic  programs.  In  addition  to  this  function.  It  also 
performs  the  necessary  unit  conversions  so  that  all  the  half-life  figures, 
for  example,  can  be  expressed  In  terms  of  the  same  time  scale. 
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4.  Design  of  drug  dosage  regimens.  Development  was  Initiated  towards 
a  program  which  could  help  design  optimal  drug  dosage  regimens  using  an 
algorithm  Involving  pharmacokinetic  and  pharmacodynamic  data.  However*  due 
to  lack  of  Illustrative  data  in  the  literature  and  slow  progress  of  needed 
theoretical  work*  the  development  of  this  program  was  not  pursued  further 
at  this  point. 


5.  Completion  of  the  final  report  on  a  bioavail abil  Ity  study  compar¬ 
ing  two  tablet  formulations  of  mefloquine.  This  project  was  begun  in  the 
previous  contract  year  and  was  partial  1  y  described  in  our  fourth  annual 
report.  Some  additional  analysis  was  done  this  year,  and  the  entire 
results  are  contained  In  our  final  report  on  this  study. 


An  additional  goal  described  in  our  renewal  proposal  last  year  was  the 
development  of  a  dose-response  analysis  program  for  use  with  the  Radio 
Shack  TRS-80  computer.  This  was  Intended  to  allow  the  use  of  a  less 
expensive  computer  than  the  Tektronix  4052  for  the  analysis  of 
concentration-effect  data.  At  the  time  of  this  proposal,  a  TRS-80  was 
easily  accessible  nearby*  and  we  had  planned  to  use  it  for  development  of 
this  program.  Unfortunately*  this  machine  became  unavailable  for  our  use, 
leaving  no  means  for  working  on  this  project  without  buying  a  TRS-80.  We 
did  not  feel  that  such  a  purchase  would  have  been  justified  for  the  devel¬ 
opment  of  only  one  program,  so  work  was  stopped  at  this  particular  point. 


BACKGROUND 


The  process  cf  drug  development  has  been  both  complicated  and  facili¬ 
tated  by  the  trend  toward  early  appl  ication  of  the  methods  of  cl  inlcal 
pharmacokinetics.  Current  practice  and  existing  and  proposed  new  Food  and 
Drug  Administration  Regulations  demand  sophisticated  evaluation  of  drug 
bioavailability  and  descriptive  pharmacokinetics  in  Phase  I  clinical 
studies.  This  requires  development  of  assay  methods  for  new  drugs  and 
their  metabolites  and  methods  for  evaluation  of  concentration  vs  time  data 
to  obtain  relevant  parameters  to  characterize  drug  behavior.  Of  similar 
importance  Is  knowledge  of  characteristics  of  relationships  between  dose  or 
concentrations  and  pharmacological  response.  The  Information  thus  obtained 
from  pharmacokinetic  and  pharmacodynamic  studies  relates  directly  to  the 
optimal  design  of  dosing  schedules  of  new  drugs  in  man*  including  indivi¬ 
dualization  of  therapy  due  to  disease  processes  or  other  factors  which  may 
affect  drug  behavior.  In  this  regard  the  eventual  course  of  development 
through  Phase  II  and  Phase  III  clinical  studies  is  rendered  less  empirical 
and  ultimately  more  efficient  in  both  time  and  cost*  by  minimizing  the  use 
of  scarce  resources. 

Modern  computer  technology  has  greatly  enhanced  the  capabil  Ity  of 
these  methods  and  made  possible  their  applications  to  clinical  pharmacoki¬ 
netics.  A  number  of  available  computer  programs  have  been  frequently 
employed  for  this  purpose.  Those  which  have  been  developed  for  use  specl- 
fically  in  clinical  pharmacokinetics  are  based  on  compartmental  methods  of 
analysis  and  yield  estimates  of  parameters  associated  with  preselected 
compartmental  models.  While  useful  and  informanti ve»  they  lack  the  ease  of 
use  and  cognitive  appeal  of  direct  graphic  simulations  and  graphics- 
assisted  data  analysis.  It  is  in  the  Interest  of  developing  general  pur¬ 
pose  programs  with  the  advantages  of  computer  graphics  that  the  present 
contract  was  initially  pursued. 

Previous  experience  with  the  Tektronix  4051  and  4052  Microcomputer 
Graphics  Systems  indicated  that  this  was  an  especially  suitable  microcompu¬ 
ter  system  for  our  purposes.  While  similar  systems  are  now  available  from 
a  variety  of  sources*  It  Is  in  the  interest  of  conformity  with  existing 
systems  In  the  U.S.  Army  Drug  Development  Program  at  the  Walter  Reed  Army 
Institute  of  Research  that  the  Tektronix  System  has  been  employed.  The 
present  Tektronix  4052  System  in  our  laboratory  and  for  which  the  programs 
to  be  described  were  developed  is  identical  to  that  now  in  use  at  Walter 
Reed.  A  data  communications  interface  has  been  instal  led  to  facilitate 
direct  transmission  of  programs  and  data  between  these  two  facilities. 
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A.  Programs  for  Analysis 
linear  Kinetic  Systems. 


and  Simulation  of  Pharmacokinetic  Data  in  Non- 


The  program  package  for  pharmacokinetic  analysis  of  data  from  non¬ 
linear  systems  and  the  simulation  program  which  accompanies  it  have  under¬ 
gone  some  simplifications  during  the  past  year.  In  the  original  versions 
of  these  programs#  the  user  had  to  enter  the  differential  equations  des¬ 
cribing  the  model  Into  the  program#  requiring  a  sophisticated  level  cf 
knowledge  of  pharmacokinetics  and  of  differential  equations.  We  felt  that 
this  put  an  unnecessary  burden  on  the  user  of  the  programs#  and  have  now 
modified  them  to  allow  a  menu  of  choices  to  be  presented  so  that  a  previ¬ 
ously  written  model  can  be  automatical  ly  re-loaded.  This  feature  takes 
advantage  of  the  ability  of  Tektronix  Basic  to  load  code  from  a  file  into 
an  executing  program#  using  the  APPEND  statement.  The  nature  of  this 
operation  makes  it  very  easy  to  add  to  the  menu  of  models  by  adding  further 
files  containing  the  necessary  differential  equations#  and  then  editing  the 
menu  to  reflect  the  additional  choices  available.  Presently#  the  options 
available  In  the  standard  menu  of  models  Include  one-compartmental  models 
with  Michael  Is-Menten  type  elimination#  with  input  from  IV  bolus#  IV  Infu¬ 
sion#  or  oral  first-order  absorption.  These  models  are  useful  themselves# 
and  can  also  serve  as  a  template  for  the  development  of  further#  more 
complex  systems  of  differential  equations  for  these  programs. 
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Statistical  Program  Package  for  Analysis  of  Clinical  Pharmacologic 


These  programs  have  had  a  number  of  various  smal  1  changes  made  this 
In  the  set  of  non-parametric  tests  which  are  available#  the  portions 
of  the  programs  dealing  with  the  entry  and  correction  of  data  have  be<?^ 
rewritten  to  make  them  easier  to  use#  as  well  as  making  all  of  the  programs 
more  consistent  In  their  Interactions  with  the  user.  Now,  all  of  the 
programs  allow  data  to  be  listed  on  the  screen  for  review  before  any 
results  are  printed#  with  options  available  for  changing  data  values  and 
for  deletion  of  Incorrect  points  as  well  as  entry  of  additional  points. 
Further  changes  have  been  made  to  more  clearly  identify  the  groups  of  data 
that  are  printed  out  with  the  results  of  the  statistical  analysis.  Because 
the  same  kinds  of  changes  have  been  made  In  al  1  of  these  programs  at  the 
same  time#  the  user  can  now  deal  with  each  of  the  programs  In  the  same 
fashion,  making  them  al  1  easier  to  use.  Work  has  al  so  been  done  on  the 
parametric  analysis  of  variance  programs  to  allow  specification  of  whether 
al  1  possible  comparisons  between  groups  should  be  performed#  or  whether 
specific  combinations  should  be  used.  In  addition#  the  multiple  comparison 
method  developed  by  Scheffe#  which  is  based  on  use  of  the  Chi-square  proba- 
b 11 1 ty  function#  has  been  added.  This  procedure#  like  the  Bonferronl  tests 
which  were  already  available  In  this  program#  can  be  computed  directly 
without  requiring  the  use  of  tables  of  critical  values.  We  have  been 
unable  to  find  similar  direct  methods  to  use  with  the  methods  of  Duncan  or 
of  Dunnett.  Because  of  this  lack#  these  procedures  are  still  not  available 
as  an  automatic  component  of  the  program#  although  the  user  can  easily 
complete  either  of  these  tests  using  the  program  output  together  with  a 
table  from  any  of  several  standard  references. 


C.  Translation  Program  for  Converting  Different  Groups  of  Pharmacokinetic 
Parameters  into  Mode  1  - i ndependent  Format. 

This  program,  is  designed  to  help  convert  pharmacokinetic  data,  which 
is  often  presented  in  incompatible  formats,  into  a  standard  form  based  on 
the  mode  1  - i ndependent  representation  used  in  our  data  fitting  program 
package.  This  parameter  translation  is  useful  for  a  number  of  different 
purposes.  It  al  lows  direct  comparison  of  data  about  the  same  drug  from 
many  different  sources,  including  the  output  of  our  own  analysis  package. 
It  also  makes  it  possible  to  convert  publish ed  results  into  the  format 
needed  for  use  of  our  pharmacokinetic  simulation  program,  allowing  examina¬ 
tion  of  the  results  of  various  dosing  regimens  based  on  data  from  other 
investigators.  These  types  of  applications  can  result  in  a  saving  of  time 
and  money,  since  experiments  need  not  be  duplicated  simply  to  obtain  data 
in  a  different  format.  The  program  is  capable  of  converting  data  repre¬ 
senting  a  one-  or  two-compartment  pharmacokinetic  model  with  input  through 
injection,  infusion,  or  oral  administration  Into  a  single  standard  format, 
using  the  sum-of-exponenti al -terms  representation.  The  input  to  the  pro¬ 
gram  may  be  expressed  in  terms  of  volumes  of  distribution,  half-lives,  time 
of  peak  concentration,  clearance,  rate  constants  of  absorption  or  elimina¬ 
tion,  or  concentration  at  time  of  injection  or  maximal  absorption.  If 
requested,  the  program  can  perform  unit  conversions  on  some  of  the  input 
parameters  to  make  them  consistent,  for  example  if  volume  is  expressed  in 
liters  and  half-life  In  hours,  but  clearance  is  In  ml/min.  This  feature 
can  help  to  reduce  confusion  when  comparing  data  from  different  sources. 

C.  Design  of  Drug  Dosage  Regimens. 

While  the  programs  developed  under  this  contract  are  useful  for  the 
analysis  and  simulation  of  pharmacokinetic  and  pharmacodynamic  data,  they 
have  net  been  designed  to  address  directly  the  optimal  design  of  drug 
dosage  regimen.  We  hac  therefore  proposed  to  develop  an  algorithm  for 
helping  with  the  design  of  optimal  dosage  regimens  when  both  pharmacoki¬ 
netic  and  pharmacodynl amic  data  are  available.  Initial  theoretical  work, 
outlined  In  our  last  renewal  proposal,  indicated  the  feasibl Ity  of  such  an 
algorithm.  It  was  clear  from  the  beginning  that  such  a  program  would 
require  good  useful  published  data  to  illustrate  the  usefulness  and  mean¬ 
ingfulness  of  such  a  program.  However,  as  we  were  unable  to  Identify  a 
suitable  data  set  and  further  theoretical  development  in  this  area,  which 
now  become  more  pressing  to  counteract  the  lack  of  data,  was  slower  than 
anticipated,  it  was  decided  not  to  pursue  this  project  at  this  particilar 
pci nt. 


E.  Special  Data  Analysis  Projects. 

A  request  was  received  last  year  from  LTC  Charles  Pampl in,  asking  us 
to  perform  an  analysis  of  data  from  a  study  comparing  the  bioavailability 
of  two  different  tablet  formulations  of  mefloquine.  A  description  of  our 
method  of  analysis  was  included  in  last  year's  annual  report,  but  the  final 
report  concerning  our  conclusions  was  not  available  for  inclusion  at  that 
time.  Since  then,  some  further  tests  have  been  made  on  the  data,  all 
confirming  our  earlier  results  with  regard  to  the  quicker  absorption  and 
higher  availability  of  the  Hcf fman-LaRoche  preparation.  A  detailed  report 
on  these  tests,  containing  all  of  the  results  from  our  analysis,  was  com¬ 
pleted  and  submitted  to  LTC  Pampl in  last  spring. 
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